Introduction
Auras have been defined as subjective symptoms experienced by patients at the onset of an epileptic seizure. Somatosensory auras (SSAs) are specific somatic sensations that can easily be described by patients and various characteristics such as type, localization and evolution of the sensory features and subsequent seizure manifestations may contain valuable localising information with regard to the seizure onset zone.
The incidence of SSA has been variably reported to range between 1.8 and 18% in a number of different patient populations. 1, 2 In more selected patient groups with localization related epilepsy the Seizure (2005) 
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incidence of SSAs is much higher ranging from 25 to 73% in epilepsy with parietal foci, 16 to 40% with frontal foci and 0.3 to 26% with temporal foci. [3] [4] [5] [6] [7] [8] [9] [10] No SSAs have been reported in occipital lobe epilepsy. 11 Most of these retrospective studies report interictal EEG data and antedate modern MRI imaging techniques.
Cortical regions that subserve somatic sensory function have been well characterized with direct cortical stimulation. [12] [13] [14] [15] [16] The largest and somatotopically most organized is the primary sensory area (S1) in the postcentral gyrus, a smaller secondary region mainly subserving facial and distal extremity sensation has been labelled as the second sensory area (S2) and is located in the upper bank of the sylvian fissure. A third supplementary sensory region (S3) located in the mesial frontal region has a more quasi somatotopic organization which appears not well literalised and closely co-localizes with synergistic tonic motor function. 16, 17 Based on this knowledge of the functional anatomy of somatic sensation, the goal of this study was to comprehensively analyse clinical semiology in correlation with the interictal and ictal EEG and MRI substrates to determine more specific clinically localising features of a large group of consecutive patients with focal epilepsy who reported SSAs at seizure onset.
Method
The patient population of 75 patients who were studied was selected from 600 consecutive patients undergoing intensive video EEG monitoring for drug resistant epilepsy who reported seizures starting with clear somatosensory symptoms.
All patients had somatic sensations including tingling, numbness, less frequently pain, temperature changes or odd dysaesthesias. Patients with purely visceral auras and other special sensations involving visual, auditory or limbic modalities were excluded.
The clinical data, EEG and MRI results were reviewed and analysed retrospectively. All patients had prolonged surface EEG monitoring with 10-20 or 10-10 electrode placement and sphenoidal electrodes. Some patients went on to have invasive evaluation with subdural grids to further localise the area of epileptogenesis for resection. The video documented clinical seizure semiology was analysed with regard to the sensory character of the SSA, somatotopic localization: unilateral, bilateral, distal, proximal, upper, lower extremity, axial in the face, trunk and poorly localised.
The evolution of the aura was analysed to assess the march of symptoms: in the affected extremity, on the same side, spread to the contralateral side, contiguous or discontiguous spread. Associated auras involving other sensory modalities (which were usually limbic in nature including fear, epigastric sensation) were also noted. Subsequent motor features, which were categorized as tonic postural, unilateral tonic, clonic, generalized tonic clonic and complex partial (psychomotor) were recorded. The localization of the epileptic focus was based on the interictal and electrographic seizure recording in all patients and was grouped as: frontocentral, parietal, mesial frontal, temporal and diffuse.
All patients underwent MRI imaging with T1, T2, proton density weighted and flair images in 3 mm contiguous cuts in axial and coronal planes and reviewed for the presence of and localization of a lesion in one or both hemispheres.
Results
Of the selected cohort of 75 patients with SSA, which represents 12.5% of 600 patients evaluated for focal epilepsy from 1992 to 1997 at our centre, 28 (37%) were female, 47 (63%) male. The onset of epilepsy ranged from the first year of life to 45 years (mean age 8.8 years), age range at diagnostic evaluation was 6-61 years (mean age 24.5 years). The neurologic examination was normal in 40 patients (53%), 4 patients had a hemiparesis and 4 were lefthanded. Mild sensorimotor deficits were seen in 21, ipsilateral to the aura in 15 patients, 10 patients had a mild monoparesis, 6 of the arm, 4 of the leg. SSAs types described by the patients are summarized in Table 1 . Tingling and numbness occurred in 82% of patients, thermal sensations, pain and a sense of pulling made up the remainder. Fig. 1 shows the somatotopic distribution of the experienced sensations. Dysaesthesias in the upper extremity were reported in 60% and in the lower extremeties in only 25%. Axial SSAs were distributed most frequently in the mouth and face in 19%, the trunk in 7% and isolated in the genital region in 3%. Unilateral extremity auras were reported in 44 patients and correlated closely with a centroparietal EEG focus in 36 patients and a lesion in that region in 30 patients.
Bilateral extremity or axial auras were reported in 31 patients and correlated with an EEG onset in the centroparietal region in 12 patients, the temporal cortex in 6, vertex in 7 and diffuse foci in 6 patients (Tables 1 and 3 ).
Lesions were demonstrated by MRI in 63 (84%) patients and in 51 patients who underwent surgical resection the most frequent lesion was focal cortical dysplasia in 20 (39%), followed by infarcts and tumours ( Table 5) .
The SSA remained localised without march in 38 patients and was followed directly by a motor pattern as shown in Table 2 . Postural tonic and psychomotor seizures occurred in 30% of the patients, unilateral tonic seizures were seen in only 6% but correlated closely with the SSA in the upper extremity and a contralateral central parietal focus. Negative motor features were also seen in 6% but were not highly associated with a localised onset and were seen in a number of patients with diffuse or hemispheric lesions. Generalisation with tonic clonic motor features occurred in 17% (all patients had reduction of drugs to provoke seizures) but only after one of the other motor patterns had manifested. The SSA evolved in 37 patients with a march in the upper extremity in 46%, leg in 12%, hemicorporal spread in 24% while truncal spread occurred in 14% but contralateral spread over the midline was rare and only seen in 2% (Table 2 ).
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I.E.B. Tuxhorn The correlations of the EEG and MRI lesions and the lateralising value of the auras in patients with well defined lesions are shown in Tables 3 and 4 .
One third of the patients had EEG and MRI findings congruent with parietal lobe epilepsy and 22% had a focus arising more anteriorly from the frontocentral region (Table 3) .
Over 80% had distal auras contralateral to the lesion and the EEG focus (Tables 1, 3 and 4) while only a small number had bilateral extremity auras (3 frontocentral, 5 parietal). Unilateral tonic and tonic clonic motor features were highly literalising to the contralateral hemisphere and seen in about 30% of each patient group.
Four patients had opercular lesions 3 localized in the left frontal operculum and one in the right frontal insular cortex (histology revealed FCD in 3 and angioma in one patient). All had SSAs in the contralateral upper extremity. The auras were circumscribed: simultaneous tingling in arm and tongue, in the contralateral hand with arm spread in two and elbow in one with a gustatory aura. The subsequent motor features in all four patients with opercular lesions and EEG seizure onset consisted of clonic arm movements and focal tonic arm contraction in the contralateral extremity.
Five percent had mesial frontal lobe epilepsy with lesions in the mesial frontal cortex and SSA localised to the contralateral arm or leg.
Thirteen percent (N10) had foci in the temporal lobe. Eight patients had mesial temporal lobe epilepsy with hippocampal sclerosis and two patients had temporal neocortical epilepsy associated with benign tumours. The predominant seizure type following the SSA was psychomotor in these cases with secondary generalized tonic clonic seizures in 4 patients. The auras were axial in 6 patients (3 face and tongue, once over the abdomen and vaginal area, once a sensation of coldness over the back and trunk) and in a distal extremity in 4 (hands in 3, foot in 1 ipsilateral to focus and lesion in 3 patients). Concurrent limbic or experiential auras such as fear, déjà vu and epigastric sensations were reported in 7 of the 10 patients.
In approximately 20% the surface EEG was not well localised for the area of seizure onset and all together 16% of patients had diffuse lesions which included bilateral band heterotopias, porencephaly, hemiatrophy, posterior watershed infarction with gliosis and atrophy in both parietal regions.
Fifty-one patients had epilepsy surgery following monitoring. The commonest pathology was focal cortical dysplasia in 39%, benign tumours, infarcts in 25% and hippocampal sclerosis in 13% (Table 5) . Seizure outcome postoperatively was variable and dependent on the etiology and completeness of lesion removal: 70% were seizure free if the lesion and focus was removed.
Discussion
In our study somatosensory auras were reported in 12.5% (75) of 600 consecutive patients with focal epilepsy who were evaluated with video EEG monitoring for epilepsy surgery assessment.
In early patient series of Lennox and Gowers somatosensory features were described in 8-18% of patients who had auras.
1,2 A much lower incidence of 1.4% was found by Mauguiere who reported detailed findings of 127 patients that were selected from 8938 epilepsy patients over a 10-year period. 4 Studying the initial seizure phenomenon in 222 Somatosensory auras in focal epilepsy 265 patients with focal epilepsy Penfield and Kristiansen noted that sensorimotor seizures which occurred in one quarter of their patients with auras were closely associated with foci in the rolandic region. 3 In their extensive electrical stimulation studies and cortical recordings of spontaneous and stimulation induced seizures they differentiated somatosensory seizures from autonomic visceral sensations and defined somatic sensory seizures arising form the rolandic, second sensory and supplementary sensorimotor cortex. 12, 13, 18, 19 In our series of 75 patients studied with interictal and ictal surface EEG 32% had parietal foci, 22% had more anterior foci in the frontocentral region, 13% had temporal foci while in 20% the focus did not localize well on the EEG, 6% had vertex foci and 5% had opercular foci.
A number of studies have looked at the correlation of SSAs in patients with more or less well defined epileptic foci in different brain regions confirming a high incidence of SSAs in parietal lobe epilepsy ranging between 25 and 73%, frontal lobe epilepsy in 16 and 40% and temporal lobe epilepsy between 0.3 and 26%. [3] [4] [5] [6] [7] [8] [9] 11 SSAs have not been reported in occipital lobe epilepsy.
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None of our patients had isolated SSA as the only seizure type. This has only rarely been reported in 9 of a series of 130 patients 20 and the problem of pure sensory seizures mimicking psychogenic functional disorders and pseudoseizures has been reported on. 21 The differential diagnosis may be quite difficult if one considers that simple partial seizures are only associated with ictal EEG changes in 21% of patients. [20] [21] [22] The SSA was lateralised to the contralateral extremity in 52% of our patients, nonlateralised in 43% and ipsilateral to the focus (all were temporal lobe cases) in 5% of patients. When localised lesions were present on the MRI 32 of 51 (62%) patients had contralateral auras and only 34% were nonlateralised. This confirms a previous pre-MRI study by Ajmone Marsan et al. 7 who found contralateral SSAs to have a high localizing value in over 96% of 57 patients with centroparietal lesional epilepsy. The lower correlation in our series probably reflects the higher proportion of patients with more diffuse lesion that were included in our series.
The symptomatology of frontal and temporal lobe epilepsy may show a significant overlap of symptoms 23 but the presence of contralateral SSAs in addition to other complex partial symptomatology is highly specific for a frontal versus a temporal focus. [24] [25] [26] An earlier cluster analysis performed by Manford in 1996 which analysed 16 different seizure manifestations in correlation with EEG and imaging localisation in either the temporal or frontocentral area showed that only sensorimotor symptoms correlated consistently with a focus and pathology in the perirolandic area. 24 The somatosensory features seen in temporal lobe epilepsy are most likely due to extratemporal spread of the epileptic discharge as suggested by a stereo EEG investigation of 50 patients in whom ictal somatomotor and somatosensory manifestations occurred late in the seizures once there was spread to the frontoparietal structures. 27 Four of our 10 patients with temporal foci had ipsilateral auras suggesting spread to the second sensory area and the remaining patients had contralateral face and arm auras reported in associating with an epigastric aura which is highly suggestive of spread to symptomatogenic regions outside the temporal lobe. 28 Recent single well studied case reports also support this hypothesis. 29 Opercular lesions were demonstrated in the MRI of four patients who all had contralateral SSA in the upper extremity once with simultaneous tingling in the tongue suggesting early activation of the lower sensorimotor humunculus.
The commonest aura was a tingling or numb sensation in over 82%, temperature change in 5%, a sense of movement or pulling in 9% and a painful aura in only 3% (2 patients). Paraesthetic seizures have been described extensively in the literature. [2] [3] [4] 7, 8, [30] [31] [32] These elemental dysaesthesias are the most frequent sensory symptom (114 of 127 patients--89.7%) reported in the well studied case series by Mauguiere and Courjon. 4 A number of paraesthesic sensations may be described by patients including tingling, numbness, a feeling of pins and needles, tickling, prickling, a sensation of something crawling under the skin or even a sensation of an electric shock. 1, 6, 7, 12, 24, [29] [30] [31] [32] [33] More elaborate sensory distortions are extremely rare and were not reported by our patients. Both Penfield and Jasper 12 and Daly 34 commented on the rarity of somatosensory hallucinations, but somatosensory illusions may not be that infrequent. In Mauguire's adult patient series 10% (13 patients) described a sensation of swelling of the hands and a sense of shrinking of a single limb or a kinaesthetic illusion (sense of displacement). 4 None of our patients had clear sensory illusions, one patient described an unusual sensation of water dripping onto his back.
Painful seizures were only noted in two patients, one patient with a parasagittal lesion and focus described pain in his feet. The other patient had a painful hand and dysaesthesia in association with hemispheric atrophy and an extensive area of epileptogenesis. Ictal pain may reflect the intensity of the cortical discharge, involvement of neurons in the parietal receptive fields in area 3B most likely also the substrate for thermal seizures or the patient's perception of a muscular contraction. 35 The diagnostic pitfalls of ictal pain have been described in two case reports including a 3-year old child who had episodes of pain in the left thigh as an initial manifestation of partial epilepsy which remitted with anticonvulsant therapy. 30, 36 A unique patient with painful seizures involving all four extremities, as well as the head, followed by twitching of the lower face implicating involvement of the second sensory area has also been reported. 30 In a more recent study of 25 patients with painful auras 50% were associated with a contralateral perirolandic focus. 37 Thermal seizures in all 4 (5%) patients in our series were associated with parietal foci and lesions suggesting ictal activation of a specific parietal sensory modality. In the series by Maugiere thermal seizures were more frequently seen in 11% of their patients.
Pulling or a sense of movement was reported by 7 (9%) patients as a distinct aura before any motor features were visible. Early stimulation studies suggest activation of points anterior to the central fissure.
Genital auras were noted in two patients who had diffuse epileptic foci in associating with extensive lesions. This does not suggest a specific localizing value for genital auras which have been reported to be associated with epileptogenicity in the paracentral lobulus. 32, 33 The duration of SSAs is generally brief usually only lasting a few seconds and none of our patients reported prolonged dysaesthesias, however, sensory status epilepticus has been described but must be considered an exceptional event. 12 The most frequent somatic localisation of SSAs was noted in the upper extremity, then lower extremity followed by the face region which has also been reported in previous case series. 4, 32, 33 The hand and fingers were the most frequent initial site reflecting the large cortical representation of this area. 38 However, a recent case studied by invasive EEG methods demonstrated ictal somatosensory semiology suggestive of a second sensory seizure that arose from the inferior parietal lobule pointing to the fact that there is also a high degree of connectivity of the different areas of sensory cortical representation. 39 Somaesthetic spread has been studied in detail in two large cohorts of patients with SSAs by Mauguiere and Courjon 4 and Lende and Popp. 32 Most patients report a sensory march usually in a centrifugal pattern in a hemiesthetic distribution which was noted in only 25% of our cases but up to 40% in previous studies. 4, 32 The maximal spread of somatosensory symptoms in the patients whose seizures began only in the hands or fingers showed that they remained localized to the upper extremity in 46% of our patients. The spread was centrifugal, bilateral only once and sometimes discontiguous. The predominant pattern of spread from fingers to hand and arm rather than from hand to face which occurs much less frequently suggests facilitation of spread along a modular functional basis rather than by simple contiguous spread across the sensory cortex in keeping with animal studies of ipsilateral cortical connexions. 38 Motor features follow SSAs in nearly 50% of seizures and in our series postural tonic and psychomotor components occurred each in 30% of the patients. A true Jacksonian motor march or focal clonic movements in the body part that developed the initial aura occurred in 20% but unilateral tonic contraction in one extremity as a further lateralising sign occurred in 6%.
Postural tonic seizures suggest onset or early spread to the SSMA. The SSA arising in the SSMA is more frequently diffuse and poorly localised and may be difficult to differentiate from a visceral, autonomic sensory aura as pointed out in an early electroclinical study of a patient with epilepsy arising from a mesial frontal tumour by Penfield. 19 Synergistic tonic motor features typically occur when the SMA is activated by a focus in the SMA area and by seizure spread which is a common feature of parietal lobe epilepsy. [40] [41] [42] In our series a large number of patients had psychomotor features after the SSA, while early version was noted once and hypermotor features occurred twice in patients with an anterior lesion and epileptic focus.
In summary SSAs are highly correlated with an epileptogenic zone and lesion in the centroparietal cortex, particularly if they are well localized in the distal extremity in association with a sensory march. 43 More diffuse somatic sensory symptoms particularly in the axial body parts are less localizing and most likely suggest facilitation of the other sensory symptomatogenic zones outside S1 namely the second sensory area or supplementary sensorimotor region. 12, 14, 44 There is a high association with a lesion in the contralateral centroparietal region and malformative lesions are frequent in addition to tumours and infarcts. 6, 33 These patients should, therefore, be referred for detailed presurgical evaluation as they may be good candidates for resective surgery. 45 
